Studies" 2, 1 on the function of calcium in nitrogen fixation by Azotobacter vinelandii 0 revealed that this ion is required for the synthesis of metaphosphate by whole cells. Of the ions tested, it is the most potent stimulator of metaphosphate formation from adenosine triphosphate by cell-free extracts of this organism. In the course of these studies, it was observed that the rate of oxygen uptake of calcium-deficient cells in Burk's medium was stimulated by the addition of this ion. This stimulation is relatively insensitive to inhibition by 0.001 M sodium azide as compared to the sensitivity of calcium-deficient control cells. Roberts and Rakestraw4 have reported a reversal of the azide inhibition of oxygen uptake by A. vinelandii 0 by the addition of ammonium acetate. This observation and that of Bulen and Frear5 concerning the reversal of phosphite inhibition of growth and oxygen uptake of A. vinelandii by ammonium acetate led us to test the effect of acetate ion on the calcium requirement of A. vinelandii for nitrogen fixation.
Studies" 2, 1 on the function of calcium in nitrogen fixation by Azotobacter vinelandii 0 revealed that this ion is required for the synthesis of metaphosphate by whole cells. Of the ions tested, it is the most potent stimulator of metaphosphate formation from adenosine triphosphate by cell-free extracts of this organism. In the course of these studies, it was observed that the rate of oxygen uptake of calcium-deficient cells in Burk's medium was stimulated by the addition of this ion. This stimulation is relatively insensitive to inhibition by 0.001 M sodium azide as compared to the sensitivity of calcium-deficient control cells. Roberts and Rakestraw4 have reported a reversal of the azide inhibition of oxygen uptake by A. vinelandii 0 by the addition of ammonium acetate. This observation and that of Bulen and Frear5 concerning the reversal of phosphite inhibition of growth and oxygen uptake of A. vinelandii by ammonium acetate led us to test the effect of acetate ion on the calcium requirement of A. vinelandii for nitrogen fixation.
Previous studies' have shown that low calcium ion concentrations in Burk's medium result in an extension of the lag phase of growth, as well as a decrease in the total growth of A. vinelandii 0 when using N2 but not when NH4+ is supplied. We of the test media containing salts of organic acids was maintained at 7.0-7.2 by the addition of dilute HCl at hourly intervals.
Results.-The effect of acetate ion on the calcium requirement for nitrogen fixation is shown in Figure 1 . Glucose, fructose, ribose, dihydroxyacetone, ethyl alcohol, sodium pyruvate, potassium glycolate, potassium glyoxylate, thioctic acid, and thiamine were all tested in the presence of sucrose; but, of these, only ethyl alcohol could be substituted for acetate. The failure of sodium pyruvate was not the result of the organism's inability to oxidize it, as the uptake and apparent oxida-tion of pyruvate as measured by pH change of the medium was essentially at the same rate as acetate.
Most of the compounds tested are precursors of, or participants in reactions that form precursors of, acetate. The intermediates of the tricarboxylic acid cycle may be considered products of acetate metabolism, since the azotobacter contains a complete tricarboxylic acid cycle and means for the entry of acetate.8 Recrystallized malic acid neutralized with potassium hydroxide when added to Burk's sucrose medium, however, did replace the need for added calcium ion. However, this replacement may be the result of a "jamming" of the metabolic pathways, with a Figure 2 . When malate is added as the sole carbon source for the organism, adequate calcium is necessary for nitrogen fixation to be initiated. However, if acetate is added as the sole carbon source, nitrogen fixation is initiated in the calcium-deficient medium. One possible explanation of the failure of malate added as the sole carbon source to replace calcium is a failure of sucrose-grown cells to adapt to the utilization of malate. This would necessarily result in an extension of the lag phase of growth and indicate an apparent lack of calcium-sparing activity. Figure 3 demonstrates that this is not so. The addition of either calcium or ammonium ions to a medium of Burk's mineral salts plus potassium malate results in a normal growth curve. This indicates that the cells adapt to malate within a normal period of lag and that the utilization of malate in a calcium-deficient medium is adequate for the assimilation of ammonium ion but not for molecular nitrogen.
An examination of Figure 2 reveals that, although the presence of acetate in the calcium-deficient medium suffices for the initiation of growth, the addition of calcium results in a higher rate of growth. If, however, sucrose is present in addition to acetate, the rate of growth is as high as that of cells in the presence of acetate and adequate calcium. Preliminary results suggest that acetate plus malate also results in a high rate of growth in the calcium-deficient medium.
Discussion.-Studies9' 10, 11 on the kinetics of incorporation of molecular nitrogen into the organic pool of the cell indicate that ammonia is the major terminal inorganic form of the newly fixed ("juvenile") nitrogen prior to formation of amino acids. If so, obviously, the tricarboxylic acid cycle could play an important role as a source of acceptors for the ammonia-e.g., a-ketoglutaric acid. The data reported here, however, suggest that some other compound(s) apart from those of the tricarboxylic acid cycle may function in the trapping of the "juvenile" nitrogen or have some other role in the formation of ammonia from molecular nitrogen. When ammonium ion is supplied, malate functions satisfactorily as a source of carbon in the presence of limited calcium, (2.6 X 10-6M) but, if molecular nitrogen is the nitrogen source, adequate calcium, acetate, or sucrose must be available for the initiation of growth.
It seems, then, that calcium functions in an indirect manner in nitrogen fixation by A. vinelandii 0, apparently being necessary for the formation of acetate or of a compound related to acetate that is required for the fixation reaction. Whether acetate is necessary for the formation of an acceptor of "juvenile" nitrogen at a level preceding ammonia or serves some other function is as yet unknown. One possibility that has been tested was directed toward providing evidence that hydroxylamine is a precursor of ammonia. If so, it could combine with acetyl-CoA to form acetohydroxamic acid; attempts to demonstrate utilization of this compound by whole cells and by cell-free extracts were unsuccessful.
Summary.-The requirement of calcium ion for nitrogen fixation by A. vinelandii 0 is relieved when sodium acetate is supplied the organism. For example, at a calcium ion level of 10-5-10-6 Ml the organism will not initiate growth on N2 but will on NH4+. Addition of sodium acetate to the calcium-deficient medium allows growth to occur in the absence of fixed nitrogen. Ethyl alcohol alone or potassium malate plus sucrose also can replace this calcium requirement. The following compounds could not substitute for acetate in this calcium-alleviating role: glucose, fructose, ribose, dihydroxyacetone, sodium pyruvate, potassium glycolate, potassium glyoxylate, thiamine, or thioctic acid. 
INTRODUCTION
Many cell populations within the body undergo constant breakdown and renewal.1 Classical histological techniques do not allow adequate study of dynamic processes, and autoradiography is proving increasingly valuable for following these processes at the cellular level. In order to distinguish cell renewal from the renewal of cellular constituents, the label must be incorporated into a fixed component of the cell which is not lost during the cell's lifetime; and present knowledge suggests that a label incorporated into deoxyribonucleic acid (DNA) should be most useful for this purpose.
DNA occurs within the nucleus of the cell associated with the chromosomes and appears, in fact, to be the bearer of the genetic information which each cell passes on to its descendants. Since this information must be handed down through countless generations, extreme immutability of the DNA molecules would seem desirable, and, in fact, evidence is accumulating that DNA in a cell is never replaced. This evidence, as reviewed2 by Thorell and Smellie, shows that DNA is metabolically inert in resting cells. The possibility of turnover during cellular division, which these authors considered, would appear to be denied by more recent reports. Thus Taylor, Woods, and Hughes3 used tritiated thymidine (thymine occurs uniquely in DNA, and thymidine is incorporated efficiently and exclusively into DNA4) to label the new DNA of bean roots. Autoradiography showed that chromosomes are transmitted to daughter cells as intact half-chromosomal units. This suggests that duplication of the genetic material involves the separation of each chromosome into complementary halves and the formation of new complements upon the existing halves as templates. Escherichia coli labeled with tritiated thymidine distributed their DNA among their progeny in a like fashion.5 In both these cases no loss of label from the total population was observed over several cell generations.
Autoradiographic identification of cells should permit a more detailed analysis of cellular dynamics. The specific advantage6 of tritium for autoradiography lies in the very high resolution which can be obtained because of the very weak energy and consequently short range of its : radiation (Fig. 1) . The maximum range in
